Methylation-specific loop-mediated isothermal amplification for detecting hypermethylated DNA in simplex and multiplex formats.
Aberrant DNA methylation of gene promoters and the associated silencing of tumor suppressor genes are recognized as mechanisms contributing to tumor development. Therefore, detection of promoter hypermethylation is becoming important for diagnosis, prognosis, and aiding the design of cancer therapies. We describe a novel isothermal method for the detection of DNA hypermethylation. Methylation-specific loop-mediated isothermal amplification (MS-LAMP) is a novel adaptation of LAMP. MS-LAMP was used for the highly specific detection of hypermethylated CpGs in the promoters of the CDKN2A [cyclin-dependent kinase inhibitor 2A (melanoma, p16, inhibits CDK4)], GATA5 (GATA binding protein 5), and DAPK1 (death-associated protein kinase 1) genes. The reactions occurred under isothermal conditions with 3 primer sets specific for methylated promoters. Both turbidimetry and fluorescence were used for detection. The MS-LAMP assay was validated with bisulfite-treated plasmid and genomic DNA controls of known methylation status and was applied to detect hypermethylation in 18 clinical tumor samples. A multiplex MS-LAMP for CDKN2A, GATA5, and DAPK1 was also validated with the aid of synthetic positive and negative controls. The MS-LAMP assay showed high specificity with plasmid and genomic DNA targets in reactions carried out in <1 h. The assay had a detection limit of approximately 30 copies of methylated target sequence and a selectivity of 0.5% methylated DNA in a mixture with unmethylated DNA. Compared with methylation-specific PCR, the MS-LAMP assay detected lower rates of methylation in lung adenocarcinoma samples. Simultaneous multiplex detection of hypermethylation in the 3 targets (CDKN2A, GATA5, and DAPK1) was readily achieved with the MS-LAMP assay in both the turbidimetric and fluorescence detection formats. MS-LAMP provides a highly specific isothermal method for methylation detection and is well suited for multiplex approaches.